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Introduction

Current research on interfaces in metal-ceramic composites is

rapidly evolving into a cross-disciplinary field. Scientists from physics,

chemistry, materials science and applied mechanics, all must participate

in order to address issues related to mechanical properties, atomic

structure, electronic bonding, and long term stability of interfaces at

high temperature.

The objective of this workshop was to bring together people with

different interests and expertise in an intensive, discussion oriented

meeting so that fundamental issues for research in this important field

could be identified.

Significant Findings

The workshop was held for two full days, on September 10 & 11, 1990,

at the Aurora Inn, in Aurora NY, about twenty miles from Cornell's Ithaca

campus. Thirty five scientists from outside Cornell and approximately ten

scientists from Cornell attended the workshop. A mix of scientists from

industry, national laboratories, and universities were represented. Two

visitors from abroad, Dr. Harding from Harwell, England and Dr. Klomp from

Eindhoven, the Netherlands came to the meeting. Altogether five sessions

were held. Three on Monday (one after dinner in the evening) and two on Jr

Tuesday. A copy of the program and the attendance list (non-Cornell

participants) are attached to this report.

The five sessions of the workshop were: (i) measurement of the local
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shear and tensile properties of metal-ceramic interfaces, (ii) new metal-

ceramic materials and ceramic fibers, (iii) constrained deformation in

metal-ceramic composites, (iv) reactions at metal-ceramic interfaces and

the effect of these reactions on mechanical properties, and (v)

experimental and theoretical understanding of the atomic structure of

metal-ceramic interfaces. About equal time was devoted to presentations

and discussion. The lead talk at the meeting was given by Dr. Duhl from

United Technologies who presented a historical perspective of how the

application of superalloys evolved into single crystal technology. The

main idea in that technology was to eliminate grain boundaries

perpendicular to the tensile axis. In metal ceramic composites, strong and

continuous ceramic fibers are expected to impart resistance to tensile

failure; however, the fibrous microstructure introduces new issues which

were clearly addressed at the workshop.

The workshop was forceful in identifying two broad concerns in the

field: first, the engineering community is clearly in need of scientific

quidelines for designing metal-matrix composites (for example putting the

strongest ceramic fiber into the strongest metal matrix does not

necessarily give the best composite), and second, much greater emphasis

must be placed upon high temperature, strain rate sensitive, mechanical

properties of metal-matrix composites.

The "physical metallurgy" of metal ceramic interfaces emerged as a

critical area for future research. The topics here range from the

understanding of the atomic structure of interfaces to the kinetics and

thermodynamics of interfacial reactions that may produce new phases at

interfaces. The influence of these phases on mechanical properties of

interfaces must be studied. Since the reactions between ceramics and

metals will depend on the activity of oxygen, the interfacial reactions



4

must be studied as a function of controlled oxygen partial pressure. For

example, in one experiment the shear strength of an interface between

nickel-oxide and platinum could be increased several fold by precipitating

a 1 nm thick film of NiPt at the interface; the kinetics of the formation

of this intermetallic layer was a strong function of the oxygen partial

pressure.

The micromechanics of deformation and fracture at metal-ceramic

interfaces was amply discussed at the workshop. While the recent advances

in interface mechanics were recognized, a need was expressed for

understanding the damage and deformation near interfaces on the scale of

dislocation spacing. In-situ experiments were cited as one way of

examining these local events. Further work is needed to relate interfacial

fracture energy (the work of fracture) to interfacial bonding.

The theoretical and experimental understanding of the atomic and

electronic structure of metal-ceramic interfaces appears to be an area

that is ready for new breakthroughs. Desorption experiments using surface

science techniques have the potential for direct measurement of the

binding energy between metal atoms and ceramics. New ccncepts in the

theoretical understanding of bonding is emerging that may well form the

framework for future work in this area. These concepts revolve around

electronic structure and the local dielectric properties of interfaces (it

would appear that the hard sphere models that have been successful in

explaining the structure of metals and other single phase materials cannot

be directly applied to metal-ceramic interfaces). Here, the simple

theoretical models of the Harwell group and the more detailed electron

density calculations of the Anderson group at the Max Planck Institut in

Stuttgart appear to provide the physical concepts as well as the tools for

elucidating the fundmental physics of bonding at metal-ceramic interfaces.
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Future Plans

A report based upon the discussions at the workshop will be prepared

in January 1991 and circulated to all the attendees. After their comments

are incorporated the manuscript will be submitted for publication in an

international journal.

It is planned to hold a similar type of a workshop at the Aurora Inn

in the fall of 1992.

Attachments

A copy of the program and the non-Cornell attendees is attached

onthe following two pages.



MCPgmN3 Update 9/6/90

AFOSR*ONR/CORNELL Workshop September 10-11, 1990

to be held at Cornell University, Ithaca, NY
Rosenstein/Fishman/Rai

TAILORED INTERFACES FOR HI6H TEMPERATURE
METAL-CERAMIC COMPOSITES

Continuum Behavior

Overview and Purpose of the Meeting

A DEFORMATION CONSTRAINED BY METAL-CERAMIC INTERFACES

Discussion Leader: Ron 6ibala

Single Crystal Superalloys-Design and Properties Duhi
Interface Properties at Ambient Temperature Gupta

& Marshall
Interface Properties at Elevated Temperature Jobin

& Kennefick
Stress Relaxation in Metal Films Constrained by a Rigid

Substrate Li

B NEW METAL MATRIX COMPOSITE MATERAILS

Discussion Leader: Steve Fishman

Ceramic Fibers and Interfacial Compatabilitv Porter
Titanium Aluminide Composites Bowden
Ccmposites Made from Coated Fibers Chyung
Alumina/Platinum Composites made by PUO Lappalainen

C CONSTRAINED DEFORMATION IN METAL CERAMIC COMPOSITES Evans

44444944444**4*DAY 2,*,o-*o,**

Atomistic Behavior

0 REACTIONS AT METAL-CERAMIC INTERFACES

Discussion Leader: Neil E. Paton

Effect of Transition Metal Additives on Bonding Klomp
Controlling Interface Strength by Intermetallic Layers Sass
Oxidation Reactions Rapp

E STRUCTURE OF METAL-CERAMIC INTERFACES

Discussion Leader: Jack M. Blakely

Dislocations Near Metal-Ceramic Interfaces Ruhle(?Rai)
Electronic Structure Lambrecht
Bonding of Metal Atoms to Ceramic Surfaces Ohuchi
Space Charge Distribution Across Metal Ceramic Interfaces Harding



513-255-9820/9792 203-565-3428/5635 617-253-469 /8745 202-767-4933 7
rr. Dennis M. Dimiduk David N. Duhl Dr. 1ark. Eberhart Dr. Alan II. Rosenstein

WRDC/MLLN Materials Engineering MIT AFSOR Building 410

.?AF8, 011 45433 Mail Stop 114-41 'oom 202 Boiling Air Force BasePratt and 202itney Cabidge, A 02139 Washington, DC 20332-6448

400 Main St.
East Hartford. CT 06100

e05-961-4634/8486 202-696-4401 603-646-3863/3856 518- 37-5876
Prof. A. G. Evans Dr. Steven G. Fish;a 9  Prof. H. J. Frost Dr. R. N. Singh
materials Department ONR, Division of Materials Thayor School of Engr. BER&D Center
University of California Research, Code 431 Dartmouth College Building I1 Rx. 4A32
Santa Barbara, CA 93106 800 N. Quincy St. Hanover, Nil 03755 Ihn 8OX 8

Arlington, VA 22217 Schenectady,NY 32301

311-763-497014788 313-764-3322/763-4784 (AVa) 603-646-3263/3856 313-936-1740/763-4783
Prof. Ronald Gibala Prof. A. K. Ghosh Prof. Vijay GuDta Prof. D. . Srolovitz
Oept. of Materials Sci. & Eng. Dept. Of materials Sci. & Eng. Thayor School of Eng. Dept. Of aterials Sci. & ng.
University of Michigan University of Xichigan Dartmouth College University of Michigan
Lnn Arbor, M! 48109-2136 Ann Arbor, M1 48109-2136 NanoveL, Nil 03755 Ann Arbor MI 48109-2136

714-856-5018/8585
518-387-5799 415-424-2234/354-5795 Fax# 31-40-445619 Prof. James C. Eartlh-an
rr. M. Henry Dr. Joshi Dr. J. T. Klomp Dept. of Mechanical Eng.
GEO-D Center Lcckbevd Research & Dev. Div. Eindhoven Univ. of Tech. University of California
Buiding x-l-mB229 3251 hanover Street Lab. for Physical Chem. Irvine, CA 92717
Schenectady, NY 12345 0/93-10, 8204 PO Box 513

Palto Alto, CA 94304-1191 5600 M3 Eindhoven

The Netherlands

e14-865-5447/2917 216-368-6120/4671 714- -q -S/ 5e5'
Prof. Donald A. Koss Dr. Walter R. L. La.-brecht Prof. Lavernia

20a Steidle Building Dept. of Physics Dept. of Mechanical Eng.
Pennsylvania State Case Western Pesearve Univ. University of California

.niversity park, PA 16802 Cleveland, OH 44106 Irvine, CA 92717

805-373-4170 513-255-9833/9792 302-695-4442/1664

Dr, David Fars-hall Dr. Dan Miracle Dr. Frumno F. Oluchi

Pockwell International Sc. Ct..- tORC/MLLM E.I. Dupont Co.
1049 Camino nos Rios WPAF3. O 45433 Central Research & Dev. Dept
Thousand Oaks, CA 91360 PO BOX 880356Wilmington, DE 19880-0536

303-273-3955/3795 80S-371-7013 215-898-4825/1330
Vrof. David L. Olson Dr. Neil E. Paton Prof. D. P. Pope
cept. of Metalallurgical & Rockell International Univ. Of Pennsylvania

- \"O(C' & 4 3 2 0 Q (dt 'O? o , f l & 64.

614-292-6178/1537 619-489-9471/0381
prcf. R. A. Rapp Dr. George H. Reynolds
cept. of Materials Sci. & Eng. MS:;;4
Chio State University PO BOX 865
Cou.mbus, OH 43210 San Marcos, CA 92069 METAL-CERAMIC WORKSHOP ATTENDANCE LIST

CornelI/ONR/AFOSR
(4) 71-295-39/295 314-233-2513/777-1328 September 10-11, 1990
Prof. Manfred Ruhle Dr. Shankar L. Sastry
Max-Plank Institute mail Code 111-1041 Aurora, NY
Seestrasse 92 Dept. 224, aldg. 110
0-7000 Stuttgart 1 McDonell Douglas Research L!
'West Germany Po Box 516

St. Louis, x.0 63166

513-276-6371/8554 44-235-432288/432727
Prof. Norman S. Stoloff Dr. A. M. Stoneham
PPI Building 521

r', * y 12180-3590 liarvell Laboratory
Didcot Oxfcrdshire
OXll-Ora L C,LIPJD

215-898-8741/8296 412-268-a711
Prof. W. L. Worrell Prof. Paul wynblatt
Dept. of Materials Sci. & Eng. Dept. of yetallurgical6 .
University of Pennsylvania Materials Science
Philadelphia, PA 19104-6272 Carnegie xellon University

Pittsburgh, PA 15213


